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Abstract: The imperative to reduce atmospheric carbon is well documented and one significant area of 
production is from the built form which is responsible for up to 40% of global energy consumption and 30% 
of the world’s carbon emissions (UNEP, 2009). Over the full life cycle of buildings, which includes 
construction and demolition, 80-90% of this energy is used during the operational phase to heat, cool, 
ventilate, light and run appliances (ibid). The balance of 10-20% represents the embodied energy and is 
consumed during the building process of construction and production of the raw materials themselves (ibid). 
The embodied energy proportion varies considerably according to the life expectancy of the building. This 
proportion of the overall emissions will increase as the life span decreases and in the context of mine site 
village development is certainly on the higher side as most sites have a life span of less than 20 years.  The 
need for the transport of goods and services, delivery of water and waste services to and from buildings adds 
further to account of emissions that the built form is responsible for and the total can be described as the 
carbon footprint.  Measuring this and reducing it to a point of carbon neutrality is the overall aim of our 
research. 
The term ‘carbon neutral’ has been defined largely by popular usage in the past (Murray and Dey, 2007). 
Even within scientific literature the academic definitions are few and varied, despite a raft of papers on life 
cycle analysis, input and output methods and tools for carbon accounting, especially when considering which 
emissions of the built form life cycle are actually to be included (Wiedmann and Minx, 2008). Murray and 
Dev (2007) discuss the terms ‘carbon neutral’ and ‘carbon footprint’ with several references on the subject. 
One such, Wiedmann and Minx (2008) concludes that a carbon footprint should only include CO2 and no 
other greenhouse gases (GHG) from indirect, upstream emissions, as well as direct onsite emissions. In 
contrast, and in the context of this paper, the calculation of the carbon footprint is regarded as comprising of 
all the carbon emissions from the complete life cycle of the mine site village that can reasonably be 
calculated, from a clear site for development through to the remediation of the site following removal or 
demolition. Determining which emissions can ‘reasonably’ be included and how they are calculated will 
determine the potential applicability of the model to mine site village development generally.   
A specific case study has been secured of a recently constructed mine site village in the heart of the Western 
Australia’s Pilbara region built to accommodate 142 staff with an anticipated occupancy rate of 80%. This 
paper details the methodology employed to calculate the total carbon emissions, the carbon footprint of this 
purpose built village and how to reduce it effectively to a point where carbon neutrality can be claimed. A 
conceptual model has been developed for calculating the emissions and is represented schematically in the 
paper with explanation of its parts. Once the carbon account, the overall footprint, is known then the task of 
building a strategy for reduction can commence. This will include: reduction of the embodied energy of 
construction; implementation of operational energy efficiency measures; renewable energy system offsets; 
and accredited biomass and carbon offset of the remaining emissions.  
In respect of operational energy measurement data has been provided from a similar sized village which 
highlighted the major energy consuming circuits and systems. Consequently, the Pilbara village has been 
designed by electrical engineers according to this data and once in full operation needs to be verified. To 
achieve this a metering and remote sensing system has been designed and installed on site to measure these 
circuits and systems, some detail of which follows in the methodology section of this paper. The system is 
expected to provide substantial information which, once analysed, will provide a basis upon which to 
redesign the power generation and distribution systems throughout the village and make a definite 
contribution to the overall operational energy reduction strategy. 
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1. INTRODUCTION 
This paper describes the content and application of a generic model of how to reduce the carbon emissions 
from mine site village development and strategy to reduce it to a point that can reasonably be termed ‘carbon 
neutral.’ As there is no consistent globally acceptable definition of the term ‘carbon neutral’ (ACCC, 2011) 
some clarification is required if it is ultimately to be claimed. Generally the term means ‘achieving net zero 
carbon emissions by balancing the total emissions attributable to a process [in this case the construction, 
operation, demolition and remediation of a mining village] with the offset of those emissions by using more 
sustainable energy efficient design and energy systems, plus carbon credits gained from accredited methods 
of sequestration (Murray and Dey, 2007). Carbon Neutral Ltd (CN) investigates carbon neutral claims at the 
highest levels and describes the meaning as ‘a term commonly used to refer to an organisation or product or 
service that is responsible for zero greenhouse gas emissions for a specified period of time. The company 
also agrees that there is no accepted definition but acknowledges there are acceptable guidelines and 
programmes for certification (Carbon Neutral, 2011). The National Carbon Offset Standard provides clear 
guidelines in how to claim carbon neutrality based on Australian and internationally accepted standards and 
provides benchmarks for the claim (NCOS, 2009). It states that for an organisation to be carbon neutral it ‘is 
generally accepted best practice to: measure its carbon footprint; reduce emissions; and offset any residual 
emissions’ (ibid at 6). The normative references used are; ISO 14064 series concerning GHG quantification, 
reporting and verification; ISO 14040 to 14044:2006 concerning environmental management and LCA; The 
GHG Protocol (Kyoto) in force from 2005 -2012; and  the National Greenhouse and Energy Reporting Act 
2007 (NGER Act) and supporting legislation and documentation (NCOS, 2009: 6-8). 
In order to avoid contravention of Australian Consumer Law under the Competition and Consumer Act, 2010 
carbon related claims must not ‘mislead or deceive’ those relying on the information (ACCC, 2011: 3) and is 
equally relevant in this research. With this in mind managing the carbon emissions of the mine site village 
under investigation requires that they are calculated at the outset with full disclosure of the methods and 
metrics used. The village carbon inventory will necessitate a full life cycle analysis (LCA) to include the 
embodied energy of construction of the village as well as its overall operational energy through to demolition 
and site remediation, “from cradle to grave.”  
The carbon accounting method described herein requires that a variety of tools need to be employed to make 
a reasonably accurate calculation of embodied and overall operational energy of the case study village. 
Operational energy is particularly difficult to calculate as some activities, essential to accessing and running 
the village, will occur ‘from sources not owned or controlled’ (ACCC, 2011: 10) by the village operators. 
The total value of emissions attributable to the village will influence the reduction strategy according to the 
needs of the various stakeholders: the building manufacturer, village infrastructure developer; village owner 
and operator. The solutions will fall into several categories, namely: modification of the current power 
generation plant; energy efficiency opportunities; renewable and sustainable energy options; and the purchase 
of appropriate accredited offset mechanisms. The ACCC is particularly concerned about the selling of 
offsets, partly due to the management of such sales often resulting in several trades of the same offset, and to 
the inaccurate accounting of the carbon reducing value of the offset itself. 
Once the overall footprint of the village is calculated, following the NCOS guidelines, then the task of 
building a strategy can commence. This will include: reduction of the embodied energy of construction; 
implementation of operational energy efficiency measures; renewable energy system offsets; and accredited 
biomass and carbon offset of the remaining emissions until a point of carbon neutrality is achieved, each 
process measured by the mass of carbon they are reduced by.  
Australian mining companies have publicly expressed their desire to demonstrate an ethical corporate 
responsibility, especially during these times of climate change awareness and primary source of carbon 
pollution. Global miners, Rio Tinto, BHP and Xtrata, all significantly represented in Australia, accept their 
responsibility to tackle climate change (Rio Tinto, 2011; BHP, 2010; Xtrata, 2011). Environmental 
consultants Sinclair Knight Merz indicate that mining companies are now giving serious consideration to 
ecological sustainability in mine site accommodation development, as well as mining per se, and report on 
one such investigation (SKM, 2008), however, to date little more has been published by others. The award-
winning report reveals no quantification of the overall carbon footprint other than indicating a reduction in 
water use of 50 per cent and energy use of 30 per cent per head. This paper and subsequent research intends 
to be more informative. 
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2. PROJECT AIMS AND CONCEPTUAL MODEL 
The aim of this paper is to describe the development of a conceptual model upon which the overall research 
will be founded and is represented in Figure 1 with detail following. 
 
Figure 1. Conceptual model for calculating carbon neutrality in mine site villages 
The research program as a whole is to define a carbon reduction strategy for mine site village development 
that will inform village designers, constructors, operators and owners how they can legitimately claim carbon 
neutrality and provide a template for future village development. Two inputs comprise the carbon footprint of 
the village as a whole: embodied energy and operational energy and these are calculated from the following: 
2.1    Embodied energy emissions: 
• of the materials of construction and village infrastructure. 
• of the construction processes. 
• from the fugitive emissions of solid waste disposal. 
2.2    Operational energy emissions: 
• from stationary energy production (gas and diesel fuels). 
• from transport fuels used in the construction and on-going use of the buildings. 
• from the full water cycle. 
• of transport to and from site (fly in-fly out). 
• of transporting foodstuffs and supplies. 
• of waste water treatment. 
• of landscaping and on-site food production. 
 
The components that will complete the embodied energy and operational energy calculations are broadly 
represented in Figure 1 by boxes with a grey shaded background. The methods of calculation and the 
potential solutions for reduction (in boxes with a white background) will be explained in the methods section 
below. Furthermore, there are several factors that will have an impact on the carbon footprint calculation and 
the methods used to reduce it, as represented at the head of Figure 1, namely: 
• the anticipated life of the village. This will be determined at the outset by the mine owners according to 
their view of the viability of the resource and its profitability for the enterprise. However, commodity 
markets are volatile and will affect the potential life of the operation and the need for village 
accommodation. 
• the budget for construction will affect the take up of the solutions to reduce the carbon footprint. 
• the cost of paying for carbon emissions will fluctuate over time and impact on the need to reduce. 
• if the camp is operated by those other than the mining company.  
• larger villages are likely to have more scope for reduction of emissions, and lastly 
• the village location is likely to affect the solutions. The solutions to reduce carbon in a coastal, grid 
connected village will be very different to those for an inland off-grid remote village. 
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The carbon emission reduction process within the conceptual model is essentially comprised of five areas: 
1.    Energy efficient construction design; 
2.    Behaviour change to adopt new practices, infrastructure and sustainable systems; 
3.    Monitoring and control systems within a digitally integrated system (‘smart grid’); 
4.    Sustainable renewable energy systems; 
5.    Accredited biomass, soil carbon or forestry offsets. 
3. METHODS 
A 142-worker camp, servicing a gold mine in the Pilbara region of Western Australia, has been secured as a 
case study to apply the process of calculation of the carbon footprint of a typical mine site village. 
Agreements with both the mining company owners of the site and village construction company have been 
formalised facilitating access to install metering and monitoring equipment, data collection and transmission, 
and access to on site staff during the currency of the research. The conceptual model in figure 1 represents 
the basic components of the total carbon footprint calculation of this village and indicates where solutions 
can be applied to reduce it to a point of carbon neutrality. The model represents the research as a whole as 
mine site villages are essentially gated communities where inputs and outputs can be measured with a 
reasonable degree of accuracy. This paper broadly describes the method of calculation of the carbon footprint 
and the application of potential solutions that may be used to reduce it. Several processes are necessary to 
achieve this in order to reach a point of carbon neutrality. 
3.1      Installation of metering and monitoring equipment – The village construction company, using 
experience from previous village sites, determined the significant areas of power and water use to meter and 
monitor. Pulse output meters for the bore water and desalinated water supplies were then installed with 
digital sensor and connection to a data logger. Power supplies to one 4-bed and one 2-bed accommodation 
module, the kitchen and mess, laundry, administration and gymnasium, were selected to monitor.  The major 
circuits that supply these buildings were then selected for application of the monitoring equipment which for 
each circuit consisted of a current transformer to detect current, a digital sensor, and connection to a logger 
for data collection. Six data loggers in all to cover both water and power across the village, each connected to 
a radio transmitter. Data from the six transmitters will be collected by a similar receiver which in turn will be 
connected to the internet via a dedicated IP address. The data will, once the equipment is commissioned, be 
accessible online providing access to it as and when required. 
3.2       Operational energy calculation – The collected data will provide load profiles and overall 
consumption of the monitored equipment. Although a large number of circuits will be monitored there will 
inevitably be gaps in the data. To fill these a level 2 energy audit, under AS 3598:2000, will be undertaken. 
The overall analysis will facilitate refinement of a strategy for operational energy reduction in terms of 
technology and materials of construction choice, as well as appliance modification or selection. 
3.3          Embodied energy calculation – Life cycle analysis has a prominent role in all areas where carbon 
emissions are quantified and determining the boundaries of any calculation of carbon emissions attributable 
to the mine site village case study is fundamental as is the method adopted (Horne et al, 2009). This includes 
defining the system boundaries of where the responsibility for the emissions lays. Three methods will be 
used: 
3.3.1         Carbon inventory analysis, which includes emissions from within the company’s boundary and as 
a direct result of the company’s activities. These are scope 1 and 2 emissions as defined by the 
Commonwealth Government (DCCEE, 2010) such as onsite energy use. 
3.3.2         Life cycle analysis (LCA), a method supported by the International Energy Association outlined in 
AS/NZS ISO standard 14040:2006 Environmental Management- Life cycle assessment - principles and 
framework. The standard states that the assessment is conducted for impacts throughout a product's life, or 
"cradle to grave", including raw material acquisition, through to production, use and disposal. 
3.3.3 Carbon profiling is a modification of LCA to include the emissions associated with land 
development itself according to the fuel consumed and its emissions factor when applied to a specific 
location (Hamilton et al, 2007).  
3.4        Energy efficient design – Energy efficiencies can be applied in many ways, from simple 
technological solutions, such as increasing insulation and modifying lighting, to the more complex smart 
systems to monitor and control a building’s thermal comfort. It has been estimated that energy savings of 
between 30 to 50% can be made without substantial expenditure (UNEP, 2007).  
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3.5          Behaviour change – programs to achieve behaviour change in communities are now commonly 
practiced by utilities and governments and typically use a community based social marketing methodology 
(McKenzie-Mohr, 1999) for best results. Discussion and development of a methodology to introduce staff to 
new technologies and systems that might affect their amenity needs to follow the introduction of any 
technology or operational system change. Removal of any barriers to change is essential, not only to 
implement the change but to maintain it in a cost-effective and socially acceptable way (McKenzie-Mohr and 
Smith, 1999: 19). The significance of social acceptance is woven into the technology development (Oslislo, 
2010: 2). 
3.5           Assessment of renewable energy system offsets – the offset of a large proportion of the total carbon 
emissions of the village is likely to be by the introduction of renewable energy. Determination of the 
appropriate system or systems is a complex matter and at the outset requires collection of the data from the 
online system over a period of months, referred to previously in 3.1, and to the completion of the energy 
audit referred to in 3.2. The modelling tools HOMER and RETScreen®, together with multicriteria and 
sensitivity analyses, will enable this assessment to be completed. However, for this to be effective and 
objective an appropriate balance between environmental, social and economic needs to made (Hardisty, 
2010). Hardisty (2010: 66–77, 215–228) describes an objective approach to achieve this, which will be 
adopted, called Environmental and Economic Sustainability Assessment.  
3.5.1      HOMER is a software tool for designing and analysing hybrid power systems and assists in the 
integration of variable resources such as wind and solar power (HOMER, 2010). RETScreen is software 
which assists in the analysis of the technical and financial viability of potential energy solutions (RETScreen, 
2011). 
3.6          Transport – fly in-fly out (FIFO) delivery, predominantly of staff, is clearly a huge contributor to 
carbon emissions. Although scope 3 emissions, under carbon accounting legislation NGERS (National 
Greenhouse Energy Reporting System, 2007) the airline is responsible for reporting its carbon emissions, it is 
clear that reduction in the number of flights would significantly reduce the carbon footprint of the mine site 
village. An investigation in how to make some reductions in this sector of emissions is therefore essential. 
Furthermore, there are several significant negative impacts of FIFO that cause employment and social 
disruption (Clifford, 2009). 
3.7       Waste reduction is an essential element of the carbon emission reduction process both in the 
construction process and in waste disposal to landfill. ‘The embodied energy and technical metabolism of 
construction waste have not been extensively applied’ (Chong, 2008) and presents considerable scope in this 
sector to reduce emissions. Design and materials modification in the village construction process will reduce 
embodied energy used and reduce emissions accordingly. On site disposal of mine site village waste is a 
common practice resulting in fugitive emissions and an audit of waste to landfill will be carried out.  
4. OBSERVATIONS 
The collection of data, its application to a specific carbon reduction solution, carbon calculations, and 
delivery of a carbon neutral strategy are all a work in progress. The Pilbara case study has been secured and 
monitoring equipment installed on site ready for commissioning once the village is occupied and fully 
operational. Each area within the conceptual model in Figure 1 will be investigated or calculated as 
appropriate, and the embodied energy of the village, its infrastructure, and the energy required to operate it, 
will be calculated. 
Calculation of the various sources of carbon emissions and a methodology for reduction has been described 
above. These have been estimated in respect of the case study as can be seen in table 1 below. Figures vary 
according to the boundaries of the calculation but the carbon footprint of the individual Australian lays 
somewhere between 18 and 27 tonnes of carbon dioxide (and GHG equivalents) per annum. (Garnaut, 2008), 
Estimated emissions of a single mine site worker at 12 tonnes per annum, with several areas unaccounted for, 
is significant. 
4. CONCLUSION 
Carbon neutrality across the built environment is clearly a desirable aim from both economic and 
environmental standpoints. This paper describes a conceptual model to achieve this across a broad set of 
carbon emission sources and the methods required. In order to establish acceptable metrics for carbon 
reduction modelling and establish a basis for its application to other forms of urban environments, specific 
measurement of the operational and embodied carbon needs to be made with some degree of accuracy. The 
conceptual model illustrated and detailed above will provide a sound basis for this to provide not only an 
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overall village footprint but one that can be scaled according to location, size, and number of workers. To 
justify the claim for carbon neutrality all emissions from manufacture, installation and construction, 
maintenance, demolition and remediation need to be aggregated. Only then, and after energy efficiency 
measures and behaviour change measures have been put in place, can renewable energy and accredited 
carbon sequestration be calculated to offset the balance. Considering the number of mine site villages across 
the planet the potential for carbon reduction in this form of the built environment is potentially significant.  
 
Table 1: Estimated carbon emissions for Pilbara mine site village case study. 
Emission 
Source 
Unit No. CO2-e  
tonnes/wor
ker/a 
Village CO2 
Emissions 
tonnes/a   
Comments Basis of Estimate 
1 worker 142- person  
Village 
operational 
Energy   
GWhr/a 1.85 3.03 430 80% natural gas 
20% diesel 
(DCCEE, 2010) 
Embodied 
Energy of 
Materials of 
Construction & 
Infrastructure 
tonnes/a  0.42 60 142 workers 
40 building 
modules 
Modelling tool                    
(eTool™) 
                          
Assuming village has 20 
year lifespan 
Emissions from 
landfill (mixed 
waste) 
tonnes/   
annum/   
person 
2.1 2.31 328 Waste of 
unknown 
composition 
1. Annual waste/person 
(ABS, 2010)                       
2. CO2-e landfill mixed 
waste                  
(DCCEE, 2010: 70)            
Fly in-Fly out tonnes/   
annum/   
person 
1 return 
flight/a 
6.24 886 1200km return      
16 return 
flights/annum 
Short haul flight                  
(EPA, Vic:2009) 
  TOTAL 12.03   1704  
   
Excludes emissions from: 
i. on site waste water treatment. 
ii. transport of food and general supplies by road and air. 
iii. on site transport specific to village operations. 
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